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Abstract

This paper presents performance results from a general-purpose, nite element struc-
tural dynamics code called Salinas, on the Computational Plant (Cplant™), whichisa
large-scale Linux cluster. We compare these results to a traditional supercomputer, the
ASCI/Red machine at Sandia National Labs. We describe the hardware and software
environment of the Computational Plant, including its unique ability to support eas-
ily switching alarge section of compute nodes between multiple different independent
cluster heads. We provide an overview of the Salinas application and present results
from up to 1000 nodes on both machines. In particular, we discuss one of the chal-
lenges related to scaling Salinas beyond several hundred processors on Cplant™ and
how this challenge was addressed and overcome. We have been able to demonstrate
that the performance and scalability of Salinas is comparable to a proprietary large-
scale parallel computing platform.

1 Introduction

Parallel computing platforms composed of commodity personal computers (PCs) in-
terconnected by gigabit network technology are a viable alternative to traditiona pro-
prietary supercomputing platforms. Small- and medium-sized clusters are now ubiqui-
tous, and larger-scale procurements, such as those made recently by National Science
Foundation for the Distributed Terascale Facility [1] and by Paci ¢ Northwest National
Lab [13], are becoming more prevalent. The cost effectiveness of these platforms has
allowed for larger numbers of processorsto be purchased.

In spite of the continued increase in the number of processors, few real-world ap-
plication results on large-scale clusters have been published. Traditional large parallel
computing platforms have bene ted from many years of research, development, and



experience dedicated to improving their scalability and performance. PC clusters have
only recently started to receive this kind of attention. In order for clusters of PCs to
compete with traditional proprietary large-scale platforms, this type of knowledge and
experience may be crucial aslarger clusters are procured and constructed.

The goal of the Computational Plant (Cplant™) project at Sandia National Labora-
toriesis to provide a large-scale, massively parallel computing resource composed of
commodity-based PC's that not only meets the level of compute performance required
by Sandia's key applications, but that also meets the levels of usability and reliabil-
ity of past traditional large-scale parallel machines. Cplant™ is a continuation of re-
search into system software for massively parallel computing on distributed-memory
message-passing machines. We have transitioned our scalable system software archi-
tecture developed for large-scale massively parallel processing machinesto commodity
clusters of PCs.

In this paper, we examine the performance and scalability of one of Sandia's key
applications on Cplant™. We present performance and results from Salinas, a general-
purpose, nite element structural dynamics code designed to be scalable on massively
parallel processing machines.

The rest of this paper is organized as follows. The following Section provides an
overview of the ASCI/Red machine. Section 3 describesthe hardware and software en-
vironment of the agship Cplant™ cluster. We present the details of the Salinasin Sec-
tion 4, and present performance data in Section 5. The paper continues by discussing
an important issue with scaling Salinas on Cplant™ in Section 6, and we summarize
this paper in Section 7.

2 ASCI/Red

The Department of Energy’s Accelerated Strategic Computing Initiative (ASCI) Option
Red machine was installed at Sandia in the Spring of 1997. It is the culmination of
more than ten years of research and development in massively parallel distributed-
memory computing by both Intel and Sandia. The following describes the hardware
and software components of ASCI/Red.

2.1 Hardware

ASCI/Red [14] is composed of more than nine thousand 333 MHz Pentium 11 Xeon
processors connected by anetwork capable of delivering 400 M B/s unidirectional com-
munication bandwidth. Each compute node contains two processors and 256 MB of
main memory. The nodes are arranged in a 38x32x2 mesh topology. Each compute
node has a network interface chip (NIC) that resides on the memory bus, alowing
for low-latency access to all of physical memory on anode. The MPI half round trip
latency for azero-length messageis 13  sec, while the asymptotic one-way MPI band-
width is 311 MB/s.



2.2 Software

The compute nodes of ASCI/Red run a variant of a lightweight kernel, called Puma
[15], that was designed and developed by Sandia and the University of New Mexico.
The Puma kernel was originaly developed on a 1024-processor nCUBE-2 and later
ported to an 1800-node Intel Paragon. Intel and Sandia worked together to port Puma
to the Intel x86 processor architecture for ASCI/Red, at which point it was productized
and renamed Cougar by Intel. Cougar consumes approximately one percent of thetotal
main memory on a compute node.

A key component of the design of Puma is a high-performance data movement
layer called Portals. Portals were rst implemented in SUNMOS to address the need
for zero-copy message passing, where incoming messages are delivered directly into
an application’s address space without intermediate buffering by the operating system.
Puma implemented the second generation of Portals (Portals 2.0), which extended the
functionality of the original design and provided the basic building blocks for various
high-level message-passing layers.

3 Computational Plant

The Computational Plant is alarge-scale, massively parallel computing resource com-
posed of commodity computing and networking components. The main goal of the
project isto construct a commodity cluster capable of scaling to the order of ten thou-
sand nodes to provide the compute cycles required by Sandia’s critical applications.
Because of this scalability requirement, Cplant™ has been designed to address scala-
bility in every aspect of the hardware and software architectures.

3.1 Hardware

Figure 1 illustrates the agship Cplant™ cluster at Sandia, called Antarctica. This
cluster is composed of a large center section and four independent cluster heads. At
any given time, the center section is attached to one of these heads and can be easily
switched between any of the four. Currently the center section is composed of 1536
compute nodes. The three production cluster heads each have 256 compute nodes,
and the development head contains 128 compute nodes. The production heads are
distinguished by their external network connection to either Sandia's open network,
restricted network, or class ed network. Thisis very similar to the model used for
the ASCI/Red supercomputer at Sandia, which has a center section that is able to be
switched between unclass ed and classi ed heads. This exibility alllows usto easily
increase or decrease compute resources based on programmeatic needs and schedules.
Theentire Antarcticacluster is composed of various compute node hardware purchased
over the span of three years. Since the performanceresultsfor this paper were captured
using the restricted network head in combination with the center section, we will only
describethat set of hardware.

The compute nodes in the center section of Antarctica are composed of Compaq
DS10L workstations that contain a 466 MHz Alpha EV 67 processor, 256 MB of main



Figurel: The AntarcticaCplant machine.

memory anda Myrinet network interfacecard. Therearea mixture of LANai version
7 andversion9 cardsthroughoutthe centersection. The Myrinet network is a three-
dimensionameshthatis torusin theX andY directionsbut notin theZ direction. This

topologyis constructedising Myrinet Mesh-64switcheswhich werea modi cation

to their standardClos-64 switchesto provide an internalmeshin the switches. The
meshis constructedising4 switchego build a singleplaneof 256 computenodesin a

16x16con guration,whereeachplanehas128links in theZ- andZ+ directions.This

structureallows us to easilyadd computenodesin 256-nodeplanes. The restricted
network headcluster namedRoss,is a single planeof 256 computenodes,eachof

which is a CompagDS10L that containsa 617 MHz Alpha EV67 processarl GB

of main memory and a Myrinet LANai-7 or LANai-9 network interfacecard. The
MPI half roundtrip lateng for a zero-lengthmessagés 65 psec,while the asymptotic
one-way MPI bandwidthis 100MB/s.

3.2 Software

The Cplant” machinesemploy the partition modelof resourceprovision [8] thatwas
initially developedby Intel on their early parallel platforms. This model dividesthe
machineinto several different partitionsthat provide specializedfunctionality The
main partitionsareservice,compute andl/O.

Nodesin the servicepartition run a standardLinux ervironmentwhereuserscan
log in andperformtheusualUNIX commandssuchascompilingcodesgditing les,
or sendingemail. Theservicepartitionis alsowherethe userdaunchparallelapplica-
tionsinto the computepartition, view statusof runningjobs, or delug computenode
applications. The servicepartition is what mary workstationclusterscall the “front



